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ABSTRACT 



Context. Using unique quadrature observations with the two STEREO spacecraft, we investigate coronal dimmings at the onset of 
small-scale eruptions. In CMEs they are believed to indicate the opening up of the coronal magnetic fields at the start of the eruption. 
Aims. It is to determine whether coronal dimming seen in small-scale eruptions starts before or after chromospheric plasma ejection. 

o 

Methods. One STEREO spacecraft obtained high cadence, 75 s, images in the He n 304A channel, and the other simultaneous images 

o 

in the Feix/Fex 171 A channel. We concentrate on two well-positioned chromospheric eruptions that occurred at disk center in the 

o o 

171 A images, and on the limb in 304A. One was in the quiet Sun and the other was in an equatorial coronal hole. We compare the 

o o 

timing of chromospheric eruption seen in the 304A limb images with the brightenings and dimmings seen on disk in the 171 A images. 

o 

Further we use off-limb images of the low frequency 171 A power to infer the coronal structure near the eruptions. 

o 

Results. In both the quiet Sun and the coronal hole eruption, on disk 171 A dimming was seen before the chromospheric eruption, 
and in both cases it extends beyond the site of the chromospheric eruption. The quiet Sun eruption occurred on the outer edge of the 

o 

enclosing magnetic field of a prominence and may be related to a small disruption of the prominence just before the 171 A dimming. 
Conclusions. These small-scale chromospheric eruptions started with a dimming in coronal emission just like their larger counter- 
parts. We therefore suggest that a fundamental step in triggering them was the removal of overlying coronal field. 
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■ 1. Introduction 

It was recently noted that small-scale eruptions from the quiet 

o 

Sun appear remarkably similar in 171 A EUV image sequences 
to CMEs, hence the term mini-CMEs. They show deep dim- 
mings and flare-like brightenings at the onset site and, in 
about one third of the events, more extended fainter dimming 
waves pro pagating out to several tens of M m (JRenet al.1 12008 : 
llnnes et aDl2009b [Podladchik ova et all l2010). Furthermore their 



> 

C3 



frequency extends the p ower-law distrib ution of large CMEs 
down to the 20 Mm scale (ISchrijverJl2010h . 

One important characteristic seen in several well-observed 
large CMEs, is a coronal dimming j ust prior to the fi l ament 
or flare erupti o n (JZarro etaD 119991: Sterling & Moorel 20041; 
Harrison! 120031: iGopalswamy et al.l 120061: lHarrison & Bewshiei 



20071) . This is believed to be due to the opening of the coro- 



nal magnetic field holding down the magnetic flux rope of the 
CME. As such it holds important clues to the onset mech anism 



(lAmari & Luciani|[l999 



Antiochos et al.ll 1 999b lLowll2QQ3 ) 



In the quiet Sun, mini-CMEs occur at the junctions of super- 
granules where the mixed polarity magnetic fields are twiste d 
in the downdrafts of the supergranular flows (llnnes et al .1120091) . 
The environment is therefore similar to an active region with sig- 
nificant shear. If the eruptions in the quiet Sun are scaled down 
versions of CMEs then the eruption onset should also be related 
to the re- structuring of the corona. 

In this letter, we investigate the onset of two small eruptions: 
one in the quiet Sun and the other in a coronal hole. First the 
observations are described, then the data is presented. In the dis- 



cussion section, we summarize the velocity and timings of the 

o 

dimming fronts seen in the 171 A and the chromospheric erup- 

o 

tions seen in the 3 04 A images. Finally we use low frequency 

o 

power maps of off- limb 171 A intensity to reveal the coronal 
structure and use these to back-up our conclusion that coronal 
re- structuring preceded the chromospheric eruptions. 



2. Observations 

The observations were made using th e twin EUVI/SECCH I tele- 
scopes on the STEREO spacecraft ( Howard et al.l 120081) from 
14:00 - 18:00 UT on 12-15 Feb 2009, configured so that one 

o 

telescope took images in the chromospheric He n 304A channel 

o 

and the other simultaneous images in the Feix/Fex 171 A chan- 
nel. At this time STEREO-B was 47.5° behind the Earth and 
STEREO- A was 43.4° ahead. Thus the separation angle between 
the two spacecraft was 91°. During the four hours of observa- 
tion on each day, STEREO-B took images approximately every 

o 

75 s in the 3 04 A channel while STEREO- A obtained images 

o 

in the 171 A channel. Intervening images with the opposite con- 
figuration (i.e. STEREO-A 304A and STEREO-B 171 A) were 
taken with a lower cadence, 150 s, and in addition both tele- 

o o 

scopes obtained context images in the 195 A and 284 A channels 
every 10 min. 

The data have been calibrated using the standard solarsoft 
routined They were corrected for the telescope roll angle and 
deprojected so that the solar B angle is zero. The disk center 
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Fig. 1. The regions observed in the 171 A (left) and 304A chan- 
nels (16:30 - 17:00 UT on 14 Feb 2009). On the 12 Feb the lon- 
gitude marked with a white dotted line was at disk center. The 
grid spacing is 15°. The arrows point to common structures in 

o o 

the 171 A and 304A images. The white box surrounds the site of 
the coronal hole event. 



images were then corrected for differential rotation, and aligned 
to the middle time of each sequence. We then expanded the Sun 
in the B images to match the radius of the A images. After using 
the numbers from the headers, we still found small corrections 
were necessary to achieve perfect coalignment of features. The 
Sun center in the STEREO-B images was shifted north by 5". 

We concentrate on two events seen in the high cadence data 

o 

that appeared at the west limb in the 3 04 A and at disk center in 

o 

171 A. One occurred in the quiet Sun on the 12 Feb. The other 
was in an equatorial coronal hole on the 14 Feb. Both events are 
within longitude ±15° of the disk center in STEREO- A. For each 

o 

event, we have created two animations. One shows the 171 A disk 

o 

center intensity with the simultaneous 3 04 A limb image along- 
side and the other shows the corresponding running difference 

o o 

171 A next to the limb in 304 A. The running difference is the 
logarithm of the intensity ratio at the specified time and six min- 
utes earlier. Thus on a linear scale comparable dimmings and 
brightenings have similar contrast. The coloured movies and im- 
ages use a gamma factor of 0.5 and the black and white images 
have a gamma factor of 1.0. 

Images of the region as seen from the two STEREO space- 
craft on 14 Feb 2009 (day of the coronal hole eruption) are 
shown in Fig. [T] As can be seen, on this day the coronal hole 
was at disk center in STEREO- A and therefore on the limb in B. 
The Sun rotates roughly 13° per day, so two days earlier, when 
the quiet Sun eruption was observed, the Sun along longitude 

o 

26° was at disk center in 171 A. Most of the bright patches east 

o 

of the central meridian in the the 171 A can be identified as bright 

o 

regions in the 304A. A few of the more obvious ones are indi- 
cated with arrows. 



2.1. Quiet Sun eruption 

o 

On the disk in 171 A this eruption looks like a mini-CME 
(Fig. [2]). One sees both a dimming and brightening in 171 A at 

o 

the onset site and a larger scale dimming wave. The 304A obser- 

o 

vations on the limb show a surge-like eruption. The 171 A images 
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Fig. 2. STEREO-A 171 A base difference, and simultaneous 

o 

STEREO-B 3 04 A intensity images of the quiet Sun eruption: 
onset (top row), beginning of the fall back (middle row) and 
later expansion phase (bottom row). The blue arrow in (c) points 
to the brightening mentioned in the text. The grid spacing is 

o o 

10°. The long black arrows in the bottom 171 A and 304A im- 
ages indicate the positions and directions of the time series in 
Fig. [3] The evolution is shown in the on-line movies qs.gif 



and qs _r.gif 



in Fig. [2] are the intensity difference from the average over the 4 
hour observing period (base difference). 

The frames in Fig. [2] represent the onset (a and b), the time 
when the surge starts to fall back (c and d), and the late phase 
structure (e and f). In all frames, a white dashed line has been 

o 

drawn at the height of the 304A off-limb so that it is easy to com- 
pare its height with the dimming extension. Time series along 
the arrows in the bottom frames are shown in Fig.[3j The direc- 
tion along arrow J cuts through the initial dimming, a subsequent 
brightening seen in Fig. [2]:, and the later opening of the dimming 
region. Arrow K cuts through the erupting chromospheric loop. 
The velocities and onset times of the different fronts, marked 
with white lines in Fig.[3l are given in Table 1. 

In the top frame of Fig. [2l the dimming is south of the white 
dashed line, so these outer parts cannot be dimmed by absorp- 
tion due to chromospheric material along the line-of- sight. The 
running difference movie,qs_r . gif , shows very clearly that the 

o 

171 A dimming is seen before and south of the chromospheric 
eruption. Here a dark, with bright behind, loop moves south at 
exactly the same time as the erupting loop is seen above the limb. 
This is reflected in Figs. [3]3 and f, which show the same slow 

o o 

loop rise in 304 A and 171 A before the main eruption. Further 
confirmation of the early coronal restructuring is given in Fig.[3]l 
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Fig. 3. 304A and 171 A time series: STEREO-B 304A along ar- 
row in Fig.[2f (a) intensity (negative) (b) running difference, and 
simultaneous STEREO- A 171 A along arrow J in Figj2^ (c) base 
difference (d) running difference, and along arrow K in Fig. [2^ 
(e) base difference (f) running difference. The white lines indi- 
cate fronts listed in Table 1 . 



which shows two dimming fronts that start simultaneously at two 
different positions, and almost 10 min before the chromospheric 
eruption. 

When the chromospheric material starts to fall back to the 

o 

Sun, there is a sudden brightening in 171 A. The structure is in- 
dicated by the blue arrow in Fig. [5fc. The brightening increase 
seen in the time series plots (Fig.[3]:-f) between 50 and 60 min is 
subtle but real. It caused the opening up of the dimming region 
along arrow J. 

As shown in Fig. |H there was a small prominence about 
100" northward along the limb from the eruption. The time se- 
ries along the arrows Y and Z are shown in Fig. [5J The time 
series along Y, pointing out from the limb, shows that part of 
the prominence disrupts about 5 min before the eruption onset. 
We have measured a downward velocity of 12 km s" 1 (Table 1). 
There is also a very faint outflow but it is not possible to mea- 
sure its velocity. The most obvious front is seen moving towards 
the position of the disrupted structure along Z, at the time of the 

o 

dimming onset in the neighbouring eruption. The 171 A disk im- 
ages in the movie,, show a couple of parallel dark channels at the 
right latitude to be the filaments corresponding to the two edges 

o 

of the prominence. There is a small 171 A brightening between 
the channels at around 14:17 UT that may be the disk signature 
of the partial eruption. 
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Fig. 4. STEREO-B 3 04 A negative intensity image of quiet Sun 
eruption and neighbouring prominence at 14:45 UT 12 Feb 
2009. Arrows Y and Z indicate the position and direction of the 
times series in Fig. [5] 
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Fig. 5. Time series of 3 04 A intensity (negative) along the arrows 
in Fig.[4](a) Y and (b) Z. The black vertical lines are drawn at the 
same time as the ones in Fig. [3] White lines show fronts listed in 
Table 1. 



2.2. Coronal hole 

The event discussed here and shown in Fig. [6] and the movies is 
the biggest seen in the coronal hole during 14 Feb observations. 
It occurred along a bright EUV ridge (Fig. [T] and Fig. [6]). Unlike 
the quiet Sun eruption, there was no strong EUV dimming. A 
weak dimming, expanding along the ridge from the eruption site, 
can be seen in the running difference movie. It is more obvious 
moving south-east, along arrow M, in the time series shown in 
Fig. [7^. This image also reveals a faint front moving north-east 
along the ridge. We also notice that along the arrow N, point- 
ing into the darkest parts of the coronal hole, there is no obvious 
front. Thus it seems as if the fronts move along the brighter chan- 
nel running down the center of the coronal hole where there are 
presumably some mixed-polarity fields. 

o 

At the limb in 304A the eruption is jet-like and, compared 
with the quiet Sun event, an insignificant amount of material falls 

o 

back to the disk. This is confirmed by the 3 04 A running differ- 
ence time series (Fig. |7j:) which shows no second brightening 
(c.f.Fig.Et). 

3. Discussion 

We have investigated two chromospheric eruptions, seen si- 

o o 

multaneously at the limb in 304 A and at disk center in 171 A. 
Measured onset times and velocities of dimming fronts and the 
corresponding chromospheric ejections are listed in Table 1. The 
velocities are between 10-30 km s" 1 across the disk, similar to 



the values in llnnes et aD (120091) . and about 50-60 km s 1 into 



the corona. In both cases dimming in the coronal 171 A emis- 
sion precedes the chromospheric eruption indicating that coronal 
restructuring is important in the triggering mechanism of both 
quiet Sun and coronal hole eruptions. We also found that about 
5 min before the quiet Sun eruption, structures in a prominence 
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Table 1. Start time and velocity of eruption fronts. 



Fronts 1 


QS_J_171 


QS_K_171 


QS_304 


PR_Y_304 


PRJZ_304 


CHJVL171 


CH_N_171 


CH_304 


time (min) 
vel (km s _1 ) 


23 
28 


32 
9 


32 
55 


15 
-14 


25 
12 


126 
12 


126 


158 

55 



1 The names are made up of QS (Quiet Sun), PR (Prominence) or CH (Coronal Hole) followed by the arrow letter and 
then the wavelength. 
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Fig. 6. The coronal hole eruption (a) 171 A intensity (b) 304A 
intensity. The grid spacing is 5°. The arrows indicate the position 
and direction of time series in Fig. [7] The evolution is shown in 



the on-line movies ch . gif and ch_r . gif 
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Fig. 7. Running difference time series along the arrows in Figj6j 
(a) 171 A along M (b) 171 A along N (c) 304A. The black vertical 
lines are drawn at the same time in each image. They mark the 

o o 

beginning of the 171 A dimming and the 3 04 A eruption. White 
lines show fronts listed in Table 1 . 



about 100" along the limb, partially disrupted. The coronal hole 
dimming was essentially confined to the bright ridge running 
across the coronal hole. 

To relate these observations to the coronal field, we exper- 
imented with techniques to reveal its structure above the limb 

o 

and found that maps representing the 171 A intensity variation 
showed well organized structure with large closed arcades above 
prominences, disorganized patches above the quiet Sun and out- 
wardly directed plumes above coronal holes. In Fig. [8] we show 

o 

the low frequency 171 A power maps for the 12 Feb 2009 and 14 

o 

Feb 2009 constructed using the co-temporal 171 A STEREO-B 
images taken with a cadence of 150 s. The change in structure 
where the coronal hole reaches the limb on the 14 Feb is easily 
recognizable, and so is the arcade above the prominence. Arrows 
point to the positions of the two eruptions discussed. The quiet 
Sun eruption on the 12 Feb was on the outer edge of the enclos- 
ing arcade of the prominence (Fig. [8^). This could explain why a 
partial disruption of the prominence coronal field preceded coro- 
nal dimming and disruption in the connected quiet Sun. 

The evidence presented here points to the triggering of these 
small-scale eruptions via the opening of the coronal magnetic 
field. In this unique dataset, we see much interesting activity 
along the west limb in STEREO-B images; however these two 
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Fig. 8. Power maps of low frequency (< 1 mHz) 171 A inten- 
sity for (a) 14:00-18:00 UT 12 Feb 2009 and (b) 14:00-18:00 
UT 14 Feb 2009. The position of the coronal hole (solid) and 
prominence (dashed) structures in Fig. [T] are indicated. The ar- 
rows point to the positions of the chromospheric eruptions. 



events were special because they were big enough to be seen dis- 

o 

tinctly in 3 04 A with no background confusion. Future high ca- 
dence, multi-filter observations with SDO/AIA of coronal dim- 
mings associated with solar eruptions on all scales are expected 
to verify the frequency of coronal re- structuring in the initiation 
of both large and small solar eruptions. 
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